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Abstract. CT scanning and its related three-dimensional image techniques were applied for a
carcass head of a newborn Indian rhinoceros (Rhinoceros unicornis) to clarify if the guttural pouch is
well-developed or not in the early growth stages of this species.  Observations from the sections of the
CT three-dimensional reconstructed image reveal that the guttural pouch is not present around the
stylohyoid bone in a new born Indian rhinoceros.  Since the absence of the guttural pouch has been
confirmed also in adult rhinoceros, we can point out that the guttural pouch does not disappear during
the growth stages, but is originally absent in the newborn.  Although the well-developed guttural
pouch in the horse and ass has attracted anatomists, we can conclude that the guttural pouch is not
commonly observed in the perissodactyls, but in a few species of Equus, and that the guttural pouch is
adapted only to restricted roles in the smaller taxa within perissodactyls.
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The accessory apparatus of the respiratory system such
as guttural pouch (auditory tube diverticulum) has re-
mained morphologically unclear in large-sized mammals.
The perissodactyls have attracted comparative anatomists
since the well-developed guttural pouch was observed in
the domesticated horse (Bourdelle and Bressou 1949; Way
and Lee 1965; Cook 1966; Ellenberger and Baum 1974;
von Berg 1974; Sisson 1975; Popesko 1977; König
1984; Dyce et al. 1987; Baptiste and Cake 1994; Budras
and Sack 1994; Baptiste et al. 1996), ass (Lindsay and
Clayton 1986), and tapir (Turner 1850; Fischer 1986).  In
contrast we pointed out that among perissodactyls the
rhinoceros has no guttural pouch (Endo et al. 1998).  Be-
cause of these inconsistent results in the perissodactyls,
development in the growth of the guttural pouch in the
rhinoceroses and its phylogenetic origin in perissodactyls
has become noteworthy.  In this study, therefore, we
applied CT scanning and its related three-dimensional
image techniques for the carcass head of a newborn
Indian rhinoceros to clarify the possibility of develop-
ment of the guttural pouch in the early growth stages of
the rhinoceroses.
Materials and methods
The head of a newborn Indian rhinoceros (Rhinoceros
unicornis) of 50 days old that was donated to the
Kanagawa Prefectural Museum by Kanazawa Zoo-
logical Gardens (Yokohama, Kanagawa, Japan) after
pathological checks was used in this study.  The head
part removed from the cervical vertebrae was axially
sectioned by CT (Computed tomography) (Toshiba
Aquilion16: Toshiba Medical Systems, Japan) at 0.5 mm
thickness without gap.  Three-dimensional images were
reconstructed from the series of CT sections by Voxel
Transmission (Volume Rendering) techniques through
an image analyzing system (AZE Virtual Place: AZE
Corporation, Tokyo, Japan).  Adequate thresholds were
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qualitatively selected and the sections were axially and
horizontally obtained from the three-dimensional image
to effectively visualize the region of the guttural pouch.
Results
The axial sections of the head from the three dimen-
sional images are shown from a rostral aspect (Fig. 1).
The sections are rostro-caudally arranged from the cau-
dal area of the choana to the level of the mandibular
articulation and external auditory tube.  Since the oral
cavity, tongue, pharynx, and larynx were cut and
removed for pathological checks, the medial region of
the mandibular bodies and the ventral part of the oral
cavity were morphologically destroyed.  However, the
intact areas around the stylohyoid bone could be exam-
ined in each section.
The medial pterygoid muscle was observed in rostral
section, whereas the lateral pterygoid muscle was seen in
caudal space.  The stylohyoid bone accompanies the
medial pterygoid muscle in ventral space (Fig. 1C and
1D), and is adjacent to the lateral pterygoid muscle in
more dorsal area (Fig. 1E and 1F).  This indicates that
the space corresponding to the guttural pouch is not con-
firmed in bilateral areas of the stylohyoid bone (Fig. 1A–
1G).  Although only the thin space is seen in the lateral
area of the the bundles of the lateral and medial ptery-
goid muscles near the stylohyoid bone (Fig. 1D), the
Fig. 1. Axial sections of the three-dimensional reconstructed images of the head of the newborn Indian rhinoceros.  The interval between each
section is 5 mm from rostral (Fig. 1A) to nuchal plane (Fig. 1L).  The thickness of the sections is 0.5 mm.  Both sides of the stylohyoid bone (S,
Fig. 1G), medial (M, Fig. 1D) and lateral (L, Fig. 1D) pterygoid muscles, digastric muscle (D, Fig. 1G) are shown.  The stylohyoid bone con-
sistently accompanies the pterygoid muscles.  No vacant space of the guttural pouch is observed around the stylohyoid bone in the entire level
(large arrows), although only thin spaces between the bundles of the lateral and medial pterygoid muscles can be seen (small arrows).  B (Fig. 1A),
brain.  Z (Fig. 1A), zygomatic arch. E (Fig. 1H), external auditory meatus.
Endo et al., Guttural pouch of Indian rhinoceros 9
auditory tube diverticulum is not present in this region.
The horizontal sections are shown from dorsal to ven-
tral levels (Fig. 2).  We can demonstrate that the lateral
area of the stylohyoid bone is occupied by the pterygoid
muscles (Fig. 2D).
Since the medio-ventral area of the stylohyoid bone
was not intact because of the pathological dissection, we
could not directly know if the guttural pouch is well-
developed or not in this region.  However, the space like
the auditory diverticulum is not formed in the area close
to the pharyngeal recess in the sections of the rostral
level (Fig. 1A–1C).  In the medio-dorsal area of the cau-
dal level the guttural pouch has been consistently absent
(Fig. 1D–1I).  Since bundles of lateral pterygoid muscle
occupy the medio-rostral space of the mandibular articu-
lation, the guttural pouch cannot take form in the vacant
space.
Discussion
The domesticated horse and ass are equipped with a
well-developed guttural pouch.  The macroscopic struc-
ture of the guttural pouch has been examined in detail by
X-ray (Trigo and Nickls 1981; Bayly and Robertson
1982; Freeman 1991; Hance et al. 1992; Sweeny et al.
1993) and CT observations (Sasaki et al. 1999) and the
mold specimen approach (König 1984; Baptiste et al.
1996; Manglai et al. 2000a).
The pouch is symmetrical and the formation of the
thin septum is confirmed in the sagittal plane (Dyce et al.
1987; Baptiste et al. 1996; Sasaki et al. 1999).  The vol-
ume of the guttural pouch accounts for 4.3% of the entire
head (Kubo et al. 1992) and reaches 472 cm
3
 in cases of
the domesticated horse (Sisson 1975), while the size and
shape of the guttural pouch is changeable according to
the contraction and relaxation of the muscles surround-
ing the pouch (Baptiste et al. 1996; Baptiste 1998).  As
shown in the horse, the typical guttural pouch is divided
into two parts, the lateral and medial compartments, at
each side of the stylohyoid bone (Popesko 1977; Sasaki
et al. 1999).  So, in this study, the two compartments
were studied using the stylohyoid bone as a landmark.
However, neither lateral nor medial chambers were not
observed around the stylohyoid bone.
The ventro-caudal area of the medial compartment is
well-developed in the domesticated horse (Dyce et al.
1987; Baptiste and Cake 1994; Baptiste et al. 1996) in
contrast to its much smaller capacity in the Przewalski’s
Fig. 2. Horizontal sections of the three-dimensional reconstructed images of the head of the newborn Indian rhinoceros.  The interval between
each section is 2.5 mm from dorsal (Fig. 2A) to ventral plane (Fig. 2D).  The thickness of the sections is 0.5 mm.  Both sides of the stylohyoid bone
(S, Fig. 2C) and lateral pterygoid muscles (L, Fig. 2B) are shown.  The space cannot be observed around the stylohyoid bone.  C (Fig. 2A),
condylar process of the mandible.  Arrow, temporal bone close to the mandibular articulation.  O (Fig. 2C), occipital condyle.
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horse (Sasaki et al. 1999).  From the comparative data
between the Przewalski’s and domesticated horses, we
suggest that the ventro-caudal part of the medial com-
partment of various horse breeds has varied in both vol-
ume and shape through the domestication process based
upon the requirements of higher respiratory function.
For example, the relative size of the guttural pouch has
been artificially selected and become enlarged during the
domestication of the various breeds as transporting and
racing animals.  Since the present image data on the
medial region is reconstructed from a partially-destroyed
head, detailed findings should be obtained from intact
specimens in the future.  However, we can conclude that
any vacant space such as a guttural pouch cannot be
formed even in the medial region.
The absence of the guttural pouch was demonstrated
in macroscopic observations of the white rhinoceros
(Endo et al. 1998).  Since the guttural pouch is not
present in the newborn Indian rhinoceros in the present
study, we can point out the guttural pouch does not dis-
appear during growth stages, but is originally absent
around the stylohyoid bone.  We can conclude that the
guttural pouch is not commonly observed in perissodac-
tyls.  We can point out that the guttural pouch has been
confirmed rather in only a few species of horses and
tapirs, since the guttural pouch occurs in ass (Lindsay and
Clayton 1986) and tapir (Turner 1850; Fischer 1986).
It has been suggested that the guttural pouch may play
a role in the exchange of air as a part of the respiratory
organ (Fish 1910; Dyce et al. 1987; Baptiste and Cake
1994).  Other reports have stated that the function of the
guttural pouch may be to help the pharynx to swallow
food (Skoda 1911; Rooney 1997), or that the guttural
pouch may act as an air ventilator to cool the blood flow
of the internal carotid artery, at least in the domesticated
horse (Baptiste et al. 1993; Baptiste 1997, 1998).  It was
pointed out that the mechanism may contribute to brain-
cooling using the blood flow of the internal carotid
arteries closely-positioned in the guttural pouch of race
horses during heavy exercise (Baptiste et al. 2000).  Yet
another report suggested that the guttural pouch may
function as an immunological organ in the respiratory
system of horses (Manglai 2000b).
Since the data have demonstrated that the structure of
the guttural pouch has been morphologically established
only in a few taxonomic groups, we suggest that the gut-
tural pouch may be actually adapted only to restricted
roles in the smaller taxa within perissodactyls.  We think
that the functional significance of the guttural pouch may
be generally unimportant in mammals except for Equus,
even if in the future the smaller space related to the
Eustachian tube is to be found in species other than the
horse, ass, and tapir.
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